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                                 Abstract 
             We  investigated on the  frequencyof occurrence of the periods of giant pulsations 
       of the terrestrial magnetic field based on the data which were obtained by  SUCESDORFF 
       aat  Soclanky15, magnetic observatory (geomagnetic latitude 63.8°N, and longitude  120,01 
       and we found that the observed periods have a sequence of  1/n of a fundamentalperiod. 
       That is to say, the giant pulsation occurs  most frequently having such a period as a 
       sequence of  1/n of a fundamental period. We considered that this is  cuasecl by the
       resonance of the magneto-hydrodynamic wave which is excited in the extremely con-
       ductive region in the atmosphere  of  the auroral zone if it is possible that its conduc-
       tivity has locally the large  value. 
1 Introduction 
   It is well known that there is an  interesting type of disturbance of the terrestrial 
magnetic field which is called giant pulsation  phenomenon. 
   Magnetic records of three elements sometimes show rapid  pulsations in the form of 
sinusoidal oscillations lasting for an hour or so. 
   The period varies between a fraction of a minute and minutes and the amplitude is 
several gammas. In extreme cases the amplitude may  be as great as 15  y to 30 y at the 
auroral zone. 
   Pulsations of such large amplitude are called giant pulsations. The giant pulsations 
occur within a relatively limited area most frequently at the auroral zone.  .Besides such 
giant pulsations, others of much less intensity and very short periods, also occur at different 
parts of the earth. These rapid pulsations of short periods which occur at the time of 
magnetic storm or  bay disturbance seem to occur simulatneously all over the world. 
   One of the authors and others investigated already on  these rapid pulsations of short 
period using records by induction magnetometers. We considered that the mechanism 
of giant pulsations is not the same as that of these pulsations. In this paper we will discuss 
the mechanism of giant pulsations. 
   Giant pulsations have been observed mainly in northern Scandinavia, and only in few 
cases the giant pulsation phenomenon extends so far south as near Stockholm. 
   According to J. OLSEEN, during the period from 1951 to 1953, many of giant pulsations 
were recorded simultaneously at more of the stations, as the following table shows. 
   The table shows that the giant pulsation phenomenon is  widely extended in northern 
Scandinavia. But none of  these giant pulsations occured at  Nurmijarvi, 800  km south 
of  Sodankyla. It may  be said that the giant pulsation phenomenon is mainly observed 
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                                      Table 1 
                 Total  number of  giant pulsations Number of giant pulsations recorded 
     Year recorded at simultaneously at least
             Tr. So.  Ai  Ki 2 stations 3 stations 4 stations 
   1951 12 6 17 17 17 10 5 
   1952 21 12 20 20 20 15 10
  1953 11 5 7 7 7 5 5 
   Sum 44 23 44 44 44 30 20 
 Tr  :  Trosm (geomagnetic latitude 67 1°, longitude 116 7°) 
           So :  Sodankyld (geomagnetic latitude 63 5°, longitude  120.0°) 
 Ai  : Abisko (geomagnetic latitude 66 0°, longitude 116.0°) 
          Ki : Kiruna (distant 60 km from Abisko) 
in the auroral zone. SUCKSDORFF observed about 150  cases in the period from 1914 to 
 1938, and he classified these giant pulsations into A and B types. According to his 
classification, giant pulsations of A type occur at about 3h a.m. of local mean time and 
show beautiful sine curves with gradually varying amplitude, namely shuttle form while 
that of B type occur at about 9h a.m. and they are not regular oscillations as that of A 
type. 
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 Fig.  1.  B  Type  (after  SUCKSD  OFF) 
               Mar. 6, 1920,  Sodankyla (14h 50 m 00 m G.M.T.) 
   Figs. 1 and 2 show a few of the examples of records obtained at  Sodankylii . 
   On the cause of these giant pulastions, C.  ST611MER discussed and suggested that it is 
the magnetic field due to the periodic orbital-motion of corpuscula emitted from the sun . 
He calculated the orbits of charged particles moving in the dipole magnetic field and cleared 
that there are periodic orbits of charged particles around the pole . He suggested that
       A POSSIBLE  EXPLANATION OF THE  CAUSE OF GIANT PULSATIONS 97 
this periodic orbital-motion is the cause of giant pulsations. But as is stated above, the 
giant pulsation phenomenon is found in a relatively limited area of the auroral zone, 
and this suggests that the phenomenon occurs due to certain disturbance in the  ionosphere 
of the auroral zone. 
   In the following paragraph we will discuss on the analysis of the frequency distribu-
tion of periods of giant pulsations. 
2 Periods of Giant Pulsations 
   We analysed the frequency distribution of periods of giant pulsations using the 
results obtained by SUCKSDORFF. 
   Table 2 and Fig. 2 show these frequency distributions of periods of giant pulsations. 
                                         Table 2. 
     A—Type B—Type 
     Frequency  Frequency Frequency Frequency Frequency 
Period of Period of Period of Period of Period of 
 Occurrence Occurrence Occurrence Occurrence Occurrence 
 46 1  1 79 4 106 1 50 1 88 1 
 52 1 80 2 107 1 55 1 90 2 
 59 1 82 4 110 1 60  1 91 2 
 61  1 1 83 1 113 1 65 2 92 3 
 62 1 85 2 115 2 66 1 94 2 
 63 2 86 1 117 2 68 1  I  96 2 
 64 1 87 1 122 1 70 1 69 1 
 65 1 88 2 134 2 71 1  i 100 1 
 67 4  90 7 152 1 72 2 101 2 
68 4 91 1 73 1 103 1 
 70 2 92 4  75  ' 1  106 3 
71 3 94 2 77 1 107 1 
72 2 95 1 79 1 108 1 
 73  1 1 96 1 82 5  111  1 
 74  1 2 97 2  83  1 2  117  1 
 75 1 98 1 84  ' 2 120 2 
76 2 99 1 85 2 131 1 
77 5 101 4 86 1 144  1 
 78 4 103 2  . 37 1 145 1 
 7  0 ordinate :  number of pulsations 
                                                      abscissa  : period  (see) 
   6  . x averaged frequency of occurrence  
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Pulsations belonging to A type  and B type were analysed separately. Fig. 2 and Fig. 3 
show clearly that periods of giant pulsations are distributed in the sequence of  1  /n of a 
fundamental period. In the case of A type this fundamental period is about 615 sec., 
whereas in the case of B type its value is about 650 sec., and observed periods of giant 
pulsations take frequently the values  1/13,  1/12,  ....  1/4, of one of these fundamental 
periods.  It is a very interesting fact that periods of  ginat pulsations are distributed in 
the sequence of  1/n of a fundamental period. 
   These oscillations that have periods of sequence of  1/n of a fundamental period are 
experienced in the free oscillation of a string which is bounded at both sides. 
   By analogy to this phenomenon we considered that our periods of giant pulsations in 
the sequence of  1/n of a fundamental period are the eigenperiods of the ionospheric oscil-
lation (tentatively assumed to be magneto-hydrodynamic oscillations), and that the giant 
pulsation phenomenon may occur due to an ionospheric resonance excited by certain exter-
nal disturbance appearing with the same period as one of these eigenperiods. 
3 Tentative Consideration of the Cause of Giant Pulsations 
   We consider two layers which are bounded by a horizontal plane (xy-plane), and we 
                                   assume that permeability is equal to unity,
                                  coudctivity is infinitely good in the region
 B z<0, and zero in the region z>0. The 
                                   direction of a uniform external magentic field
 A  coincides to z-axis as shown in Fig. 4. 
 y  o  x If the medium is moved in the direction 
                                     of y-axis, the well known magneto-hydro-
                                  dynamic wave will be excited in the region 
                                    z<0. At the boundary  z  =0, this wave 
                                  will be reflected but it will effect certain
 0 troelecmagnetic phenomenon in the region 
 Fig.  4, z>0 too, which is governed by MAXWELL
                                                                                                                                                                                                                                            
, .                                              . . 
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equations. 
   If we assume that the tangential components of the magnetic and electric fields must 
be continuous at the boundary  z=0, we obtain the following equations. 
   In the region  z<0, the incident or reflected waves satisfy ALFVEN  equations, then, 
        z 1–a t  z      h0 – A sin 2 77-(T_ A, ) 1+ rx,1A sin2 7t (T +  X)  (  1  ) 
                      V i'tz)1–a V t   A   sin  2  77- (  +  
 Ho z(2)  vp = – A  sin27tc 7.,–x 
–
 1+  cc  Ho T  X     
' t t  
     Ex– A 
                                Vsin2  7r ( - + )         V sin 277-(Tz )± 1–a A(3) 
          X1+ac T X 
 ix– A   c cos 27Tr(t--1–acz -I-  - A  cos 2zL t++ z)(4)  2VTT  X) 1 + a 2VT A 
   In the region  z  >0, the equations of the penetrating wave is expressed by MAXWELL 
equations, nemely, 
          9 a t z 
—
             h,"–   1  +  a A sin 2 71'(  T–cT-)(5) 
                       +2 
                 E,1"– a A sin 277-(T cT1–  z) (6) 
                                                where a-- 17lc. V is the velocity of propagation of magneto-hydrodynamic wave, and 
is given by  Ho/V4np  , p is the density of the medium in the region  z<0, which is 
assumed to be constant. 
      1– cc 2a       Since 
1+a– 1--1-1-a , we have 
                Ii2a A sin 2 re( t    h---2Acos 2 11'T• sin 27r7r ++—(7)  y+ aT / 
    Vtz2 a Vt     v,=-2A sin 2 7t• cos 27r +sin 2 7r( (8)       HoTX+aHoT+–z--) 
                      X 
  Vcc  VI     Ex– 2 A—sin 27r –I- cos 27t z–2sin 2 7C(+2;)(9) 
c
        T X1+a cTX, 
 i– 2 A 2  Aa                     7r--1cos 27t z–• cos 27t ( 1 +---z) (10)   x 2  VTcos 27rT+a2 VTT X 
    In R. H. S. of these equations, the second terms are negligible to the first terms if 
 a<l, or  V<C, then the standing wave will be set up in the region  z<O, and  v.,,, Ex, and 
 ix set up the form of loop at the boundary  z=0, while  h:„ sets up the node. 
   Now we consider that the high conductive layer is produced in a limited part of the 
ionosphere due to a coming corpuscular beam. The thickness of this layer is denoted by 
L and  z-axis is taken vertically and it coincides with the direction of the external magnetic 
field as shown in Fig. 4. If certain periodic disturbance is excited at one of the boundaries 
of the layer, then the magneto-hydrodynamic wave is excited in the  layer and is reflected 
at the other boundary and a sort  of . resonance will  be expected between these incident. 
and reflected waves, if both waves are in phase. That condition is satisfied by 2L/17,-----4/T.
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Then we have  T=2L/V  •  1/n, where  n-1, 2, 3,   
   The resonance of these waves is raised under this condition and the period of the wave 
takes the value of  1/n of the fundmental period 2L/V. Observed periods of giant pulsations 
have the sequence of  lin of a fundamental period as above stated , hence we consider that 
the giant pulsation phenomenon is caused by the above stated resonance of the  magneto-
hydrodynamic wave in the highly conductive layer at the auroral zone . 
   In our discussion, V is  a.ssumed to  be coustant. This implies that the ionospheric 
mass density shoud be constant. The density p varies with height in practice, then V 
can not be constant. Mathematical analysis in the case of variable density p(z), however, 
is considerably difficult. Then we assume the density p to  be constant at different heights 
and we estimate the values of  V at each level . The value of  H, for the value in the  auroral 
zone is taken to be 0.6  I' (magnetic latitude 68°N, height 100 km.). 
                                         Table 3. 
 Height  (km) 100 110  I 120 130 
 (m/see.) 40  I 66  I 109 180 
   The value of p at the height 100 km is taken  1.8  X10-9  gr./cm3 (after C. N. GERSON), 
and the values at the other different heights are calculated from the exponential law, scale 
height being assumed 10 km. 
   Next we will discuss the extinction of the energy of the magneto-hydrodynamic wave 
produced in its propagation in the ionospheric layer. The conductivity of the layer is not 
infinite, but has any finite value in practice. The equation of the  magneto-hydrodynamic 
wave in this case may be, instead of the equation  (1  )  , written as follows.                                   
1    hY-  A  e-'10  sin  27r(T— z  ' 
where we assume  c2/20-T<V2 and  oc=7a2/2o-TV3. 
   Numerical values satisfying the condition  c2/20-T<  V2 (in the case  of T=50 sec)  are 
shown in Table 4. 
                                        Table 4. 
           V  (m/see.) 40               66 109 
 cs (e.s.u.)  I  5.6  x 1011 2.1 x 1011  7.6  x  1010 
   The thickness of the layer is obtained by the equation  L=T,V  /2 , and is shown in 
Table 5. (for  7.1=650  sec) 
                                 Table 5. (T1=650 see) 
 V!m/sec.) 40 66 109  I 180 
 (km) 13  1 22 36 59 
   In the travel of distance 2L, the amplitude of the magneto-hydrodynamic wave is 
damped in the ratio exp  (-2  aL). In order that the value of this ratio should not be
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smaller than  1/10,  cr must have as large values as indicated in the following table 6. 
                                Table 6.  (T=100  sec) 
 V  (m/see.)  I 40  66  I 109 180 
 cr  (e.s.u.)  2.4x1012  9.2  x  101-1-  3.3  x  1011-  1.2x1011 
4 Conclusion 
   We  cleared that the periods of giant pulsations are observed having the sequence of 
 l/n of a fundamental period, and we concluded that this is caused by a sort of reso-
nance of magneto-hydrodynamic waves in the highly conductive layer of auroral zone. 
Such waves may be  excited  by the incoming corpuscula. 
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